Purpose Observational studies link high whole grain intakes to reduced risk of many chronic diseases. This study quantified whole grain intakes in the Irish adult population and examined the major contributing sources. It also investigated potential dietary strategies to improve whole grain intakes. Methods Whole grain intakes were calculated in a nationally representative sample of 1500 Irish adults using data from the most recent national food survey, the National Adult Nutrition Survey (NANS). Food consumption was assessed, at brand level where possible, using a 4-day semi-weighed food diary with whole grain content estimated from labels on a dry matter basis. Results Mean daily whole grain intakes were 27.8 ± 29.4 g/day, with only 19% of the population meeting the quantity-specific recommendation of 48 g per day. Wheat was the highest contributor to whole grain intake at 66%, followed by oats at 26%. High whole grain intakes were associated with higher dietary intakes of fibre, magnesium, potassium, phosphorus, and a higher alternative Mediterranean Diet Score. Whole grain foods were most frequently eaten at breakfast time. Regression analysis revealed that consumption of an additional 10 g of whole grain containing 'ready-to-eat breakfast cereals', 'rice or pastas', or 'breads' each day would increase intake of whole grains by an extra 5, 3.5, and 2.7 g, respectively. Conclusions This study reveals low intakes of whole grains in Irish adults. Recommending cereals, breads, and grains with higher whole grain content as part of public health campaigns could improve whole grain intakes.
Introduction
The health implications associated with whole grain consumption have been widely documented, with the previous research, demonstrating that increasing whole grain intakes in the diet can result in positive health outcomes [1] . At a nutrient level, high whole grain consumption has been associated with diets rich in vitamins A, C, E, B6, fibre, folate, magnesium, potassium, phosphorus, calcium, and iron [2, 3] . In terms of health, a number of meta-analyses have concluded that high whole grain intakes are associated with a reduced risk of many non-communicable diseases such as cardiovascular disease [4, 5] , type 2 diabetes [6] , and some cancers [7, 8] . Although findings from intervention trials are not so convincing [1] , it has been postulated that differences in study design, and methods of whole grain calculation make it difficult to compare findings [9] . Specific mechanisms behind any beneficial effect of whole grain intake remain unclear, with proposed explanations including the functional components of whole grains e.g. carotenoids, beta-glucan, inulin, phenolic acid, dietary fibre [10] , and/or their nutrient profile [11] . It is also postulated that whole grains exert their benefits through actions such as reducing inflammation, improving blood lipid profile, reducing body weight, lowering blood pressure, and exerting positive metabolic and hormonal effects due to phytochemicals present [5, [12] [13] [14] .
With growing evidence supporting the inclusion of whole grain foods in the diet, intake patterns across and within populations worldwide are more routinely assessed and dietary recommendations increasingly mention whole grains. In certain countries such as Denmark and the US, specific quantitative intake recommendations of 75 and 48 g per day have been established, whilst in other countries (Ireland, the UK and France), recommendations remain vague, and simply encourage whole grain varieties to be chosen over refined sources [15] . This may be due to the difficulties in establishing a uniform global definition of whole grain, due to issues such as the extent of processing permitted and which grains should be included in the definition [1] . Ferruzzi and colleagues proposed that the lowest amount a whole grain food should contain is 8 g per 30 g product (27/100 g), and based on this, the food product could be labelled as a 'whole grain food' [16] , with similar thresholds endorsed recently by the Healthgrain forum (≥ 30 g whole grain ingredients) [17] .
Whole grain intakes in Irish children and teenagers have previously been reported using data from the National Children's Food Survey and the National Teens' Food Survey [18] , with no information on the intake patterns of older age groups. The aim of the current paper is to investigate the whole grain intakes in the Irish adult population, to assess the major contributing sources, and to investigate potential dietary strategies to improve whole grain intakes in the Irish population. [19] . Because the Republic of Ireland does not have a national identification system for adults, a database of names and addresses held by Data Ireland (National Postal Service) was used to randomly select persons in 20 geographical clusters across the country, selected to provide proportional representation across the urban-rural continuum. In total, 1500 adults aged 18-90 years (740 men and 760 women) took part, with a response rate of 60%. A sample of 1500 free-living adults to represent a population of > 4 million people participated in the dietary survey. The sample size was chosen to deliver at least 100 individuals in the least-populated age and sex subgroups. There were few exclusion criteria, other than pregnancy/lactation and inability to complete the survey because of disability. The sample was representative of the Irish population with respect to gender, age, location, and social class as per the 2006 Irish census (Central Statistics Office 2007).
Methods

National Adult Nutrition Survey (NANS)
Food and beverage intake was determined using a 4-day semi-weighed food diary and assessed using WISP V3.0 (Tinuviel Software, Anglesey, UK), based on data from the McCance and Widdowson's The Composition of Foods (5th and 6th editions) supplemented with Irish food codes, to calculate nutrient intakes. Each food/ beverage consumed was recorded and allocated an individual food code and brand code with the participant recording the time of eating, the eating location and self-defining each eating occasion as either a meal or a snack. The alternate Mediterranean Diet Index (aMED) was calculated per individual as a marker of diet quality [20] . Under-reporters were determined as those individuals who had a reported energy intake less than their basal metabolic rate (BMR) multiplied by PAL 1.1 [21] and removed from subsequent analysis. Supplement use was also recorded.
From this food and nutrient database, all whole grain foods were identified (at brand level) and a new whole grain database formed, the method for which has previously been described [18] . A whole grain food was defined as any food containing a whole grain ingredient as listed in the Healthgrain Forum whole grain definition, e.g., whole grain wheat, oats, rice, maize/corn, barley, and rye [22] . Foods were included in this study regardless of the whole grain content of the foods. Whole grain foods were then grouped into 1 of 7 groups for further analysis ( Table 1 ). The total whole grain content per 100 g of each food, and the source of whole grain in the food, e.g., wheat, rye were also recorded. The amount of whole grain 'actually consumed' was then calculated by multiplying the amount of whole grain per 100 g by the weight of food consumed. Following this, the dry weights of all whole grains were calculated to correct for water content as recommended by Ross and colleagues [8] . The dry weights of each whole grain ingredient were calculated by multiplying the % dry matter by the total weight of the food in 100 g per day [23] . The % dry matter were obtained from McCance and Widdowson's cereal and cereal products supplement [24] . All data are presented on a % dry matter basis.
Statistical analysis
Statistical analyses were carried out using SPSS® for Windows™ statistical software package version 20.0 (SPSS Inc., Chicago. IL, USA). The mean and standard deviations were calculated for the daily intake of total whole grain according to sex, age group, social class, and eating location for the total population and for consumers of whole grain. As the distribution of the data approximated normality [17] , statistical differences within the groups were detected either using independent t tests (gender) or by one-way analysis of variance, adjusting for age group, social class, and eating location as appropriate. Bonferroni post hoc tests were conducted and where appropriate corrected at a family level for type 1 error a rate of 5%.
The percentage contribution of each whole grain food group made to the diet was analysed, and the main whole grain sources were identified. Simple meal pattern analysis was carried out to assess the most common meals contributing to whole grain intakes whereby the proportion of total whole grain consumed was calculated for each meal type as defined by the participants in the food diaries (i.e., % of daily whole grain consumed at breakfast, lunch, dinner, and snacks). Differences in mean daily intakes of macro-and micro-nutrients for consumers versus non-consumers of whole grain were evaluated using independent samples t test.
Further analysis was carried out to determine the percentage of Irish adults not meeting US minimum recommendations for whole grain intakes (48 g/day) [25] .
Multiple linear regression analysis was conducted to explore the relationship of the seven whole grain food groups that contributed the most to total whole grain intakes. This was conducted on energy-adjusted mean daily whole grain intakes using a backward process which was considered the best fit for the model.
Results
Mean and median daily intakes of whole grain (g/day) are presented in Table 2 for Irish adults (aged 18-90 years), and are presented for gender, age group, social class, and eating location, for both the total population and consumers only. Over 90% of Irish adults are consumers of whole grain foods, with mean daily intakes of 27.8 ± 29.4 g (total population), increasing to 30.6 ± 29.5 g for consumers only. Males consumed more whole grain (P < 0.001) in comparison to females, with mean daily intakes of 31.6 g ± 35.7 versus 24.1 g ± 20.9 for the total population and 35.0 g ± 35.9 versus 26.3 g ± 20.5 for consumers only. No intake differences were found across the age groups; however, there were significant differences observed across social class and eating locations. The highest mean intake of whole grains (31.1 ± 30.0 g/day) was identified in those individuals classed as professional/ managerial which was significantly (P < 0.05) higher than those individuals with skilled or manual jobs (22.7 ± 23.5 g/ day).
Whole grain recommendation
The percentage of Irish adults meeting the US minimum whole grain recommendation of 48 g/day [25] was 19%, with a little variation in compliance according to age group (Table 3) .
Grain sources and food sources of whole grain
Wheat was the major grain source consumed by the Irish adult population, and accounted for 66% of all whole grain intakes. Oats were the next greatest source of whole grain (26%), while barley, rice, rye, and maize made up the lesser amounts (< 8%) (Fig. 1) . Table 4 presents the food sources of whole grain, by food group and across Table 1 Description of the foods included in each of the seven whole grain food groups RTEBC ready-to-eat breakfast cereals a All breads and rolls were cross-checked at brand level and with manufacturers to ensure ingredients were whole grain containing
Food group Foods included
Rice, pasta, and their dishes Brown and whole grain rice, wholemeal pasta, risottos, pasta bakes, lasagne, pasta, and rice salads Breads and rolls a Wholemeal, brown, brown soda and granary breads and rolls. Other whole grain breads including scones, pitta breads, and bread mix RTEBC All ready-to-eat breakfast cereals Other breakfast cereals Porridge and cooked breakfast cereals Sweet biscuits, cereal bars, and desserts Plain and chocolate digestive biscuits, oat based biscuits, chewy, crunchy and baked cereal bars, flapjacks, cheese cake, and biscuit cake Savoury biscuits, crackers, and popcorn Oatcakes, crackers, shop bought, microwaveable, toffee, butter, and sweet popcorn Meat products, tofu, and yoghurts White and black pudding, tofu products, and cereal-based yoghurts the tertiles of intake, i.e., where the lowest consumers of whole grain are presented in tertile 1 and the highest consumers in tertile 3. The major food group contributing to whole grain intake in Irish adults was 'bread and rolls' (47% contribution) followed by 'ready-to-eat breakfast cereals (RTEBC)' (26%) and 'other breakfast cereals', e.g., porridge (7%). Across the tertiles, those in the highest tertiles had significantly (P < 0.05) greater intakes of all food groups except 'rice, pasta, and their dishes' and 'meat products, tofu, and yoghurts'. Table 5 presents the food sources of whole grain consumed at different mealtimes and as snacks, for the Irish adult population. Breakfast was the greatest contributor of whole grain intakes, providing over 49% of the daily whole grain consumption. Of this, RTEBC and breads and rolls contributed most significantly, providing nearly 40 and 35% of whole grain intake at breakfast, respectively. At lunch, dinner, and snacks, whole grain bread and roll products contributed most to total whole grain intakes at 80, 58, and 44%, respectively. Of note, whole grain containing sweet biscuits and related products, and savoury biscuits and related products were more likely to be consumed as snacks providing 30 and 15% of whole grain consumed at this eating occasion.
Food sources of whole grain at mealtimes
Consumers versus non-consumers of whole grain
Comparing energy-adjusted nutrient intakes (% energy, mg/10 MJ or µg/10 MJ) across consumers and non-consumers of whole grain, Table 6 shows non-consumers to have significantly lower intakes of carbohydrate, fibre, potassium, phosphorus, magnesium, and higher total fat intakes in comparison with high whole grain consumers. The aMED Table 2 Intakes of whole grain intake (g/d) for Irish adults (total population and whole grain consumers only) by sex, age, social class and eating location a,b,c Values with unlike superscript letters denote significant differences between mean daily intakes of whole grain (ANOVA with Scheffe post hoc tests): *P < 0.05, **P < 0.01, ***P < 0.001, NS not significant (P ≥ 0.05). Proposed strategies to increase intakes of whole grains in the irish population Table 7 presents the impact of increasing whole grain intakes across food groups. This analysis shows that increasing consumption of whole grain food groups has a varied impact on overall intakes. For example, if an individual was to increase their intake of RTEBC by 10 g per day, their daily whole grain intake would increase by nearly 5.4 g. In contrast, a 10 g daily increase in intakes of whole grain containing bread and rolls or other breakfast cereals would increase daily whole grain intakes by 2.75 g and 0.14 g, respectively.
An additional 10 g per day of savoury biscuits, crackers, and popcorn would increase daily whole grain intake by 7.5 g.
Discussion
The current paper describes whole grain intakes in Irish adults using data from the NANS study. For the total population, the mean intake of whole grains was 27.8 g per day (median 20 g/day), with over 91% of Irish adults identified as consumers of whole grains. Whole grain intakes differed in terms of gender and social class, with males and those from higher social classes having higher intakes. In comparison with the US quantity-specific whole grain intake recommendation of 48 g/day [25] , only 19% of the Irish adult population met this minimum guideline. Approximately 50% of all whole grain was consumed by Irish adults at breakfast, double the amount consumed at lunch, the second most frequent whole grain eating occasion, with a reliance on wheat sources. Regression analysis demonstrated that increased intakes of whole grain containing foods such as RTEBCs, rice, and pastas and bread by as little as 10 g per day could potentially enhance actual whole grain intakes in Irish adults. Dietary whole grain intakes have previously been described for Irish children and teenagers with mean daily intakes of 18.5 and 23.2 g/day, respectively, and with over 90% of children aged 5-12 years and over 86% of teenagers aged 13-17 years consuming whole grains (intakes for consumers only of 20.5 and 16.9 g/day, respectively) [18] . Ready-to-eat breakfast cereals made the greatest contribution to whole grain intakes in these Irish children and teens (44-59% of whole grain), followed by bread and rolls (14-26% of whole grain) [18] . The reverse order was observed in the present study of Irish adults, perhaps suggesting lowered consumption of whole grain containing breakfast cereals in adults and a greater reliance on breads and rolls for whole grain intake. In all studies, wheat was the major contributing grain, followed by oats. Our intake patterns (median daily intake 20 g per day) are in line with those reported from other countries [3, [26] [27] [28] . Recent data from the UK also reported a median daily intake of 20 g for whole grains in adults, with whole grain breads and readyto-eat breakfast cereals as primary and secondary sources and wheat the main grain [26] . However, unlike the current Rye study which reported absolute intakes, energy-adjusted whole grain intakes appeared to increase with age in the UK population, with females having higher whole grain intakes [26] . Australian consumption is reported as 21 g/ day for adults [27] , with comparable values estimated for US adults aged 19-50y in 2010 as 0.72 oz equivalents (approximately < 20 g/day) [28] . In contrast, very low consumption levels are reported for France (mean daily intake of 4.7 g per day [29] ) and Italy (mean daily intake of 3.7 g per day [30] ). The highest daily intakes are reported for Denmark where a successful health campaign increased whole grains by 72% from an average of 32 g/day in 2000-2004 to 55 g/day in 2011-2012 [31] . Similar efforts are needed to boost whole grain intakes by Irish adults. Differences between consumers and non-consumers of whole grains were investigated in this Irish population, with non-consumers having significantly lower energy-adjusted intakes of dietary fibre, potassium, phosphorus, magnesium, and iodine, and higher total fat and MUFA (% energy) compared with consumers of whole grain. In the UK, higher intakes of whole grains were associated with significantly higher intakes of dietary fibre, iron, calcium, vitamin E, potassium, phosphorus, magnesium, thiamin, vitamin B12, and vitamin D [32] . These findings are in line with studies which report a healthier eating pattern in those with higher intakes of whole grains [2, 29, 32, 33] . For example, in a subsample of the Scandinavian cohort 'HELGA', the intake of whole grains was directly associated with intakes of vegetables, fruits, dairy products, fish, and shellfish, and inversely associated with intakes of white bread, red meat, and cakes and biscuits [33] . Similarly, in Irish adults, high whole grain intakes were associated with a higher aMed Score which indicates greater compliance to a Mediterranean style diet and may be viewed a marker of higher dietary quality.
In the current study, we completed a simple investigation of strategies to understand patterns of whole grain intake and to increase their consumption in the Irish population as low whole grain intakes were observed. The overwhelming majority of whole grain containing foods were consumed at breakfast suggesting opportunities for encouraging whole grain options at other eating occasions, particularly lunch and dinner. Wheat was the major grain form consumed, implying potential for other grain sources, particularly oats. Furthermore, using regression analysis, it became apparent that simply increasing the quantities of whole grain foods as currently consumed resulted in variable increases in daily whole grain intake. For example, consuming an additional 10 g of whole grain containing RTEBC per day yielded an additional 5.5 g whole grain. While 10 g extra of whole grain containing 'rice, pasta, and their dishes' yielded an extra 3.5 g whole grain, 10 g more of 'bread and rolls' provided an extra 2.75 g. Hence, simple substitution of food choices Table 4 Intake of whole grain food groups across the tertiles of whole grain consumption by Irish adults % Cons − % consumers of each whole grain food group; % Ctr − % contribution of food groups to whole grain intakes within each tertile a,b,c
Values with unlike superscript letters denote significant differences between the mean values of whole grain intake across the tertiles of whole grain intake (adjusted for gender) (ANCOVA with Bonferroni correction): *P < 0.05; **P < 0.01; ***P < 0.001; NS, P has the potential to enhance population whole grain intakes albeit that any such substitution will also be impacted by portion size and amounts usually consumed per serving. We note that the single greatest impact was by consuming 10 g extra of the group 'savoury biscuits, crackers and popcorn' (7.5 g additional whole grain), a food group likely to contain levels of nutrients deemed less acceptable for public health, e.g., fat, sugar, or salt but typically associated with smaller portion sizes. Overall, an opportunity exists for the food industry to develop more whole grain-rich foods with acceptable sensory qualities, yet without concomitant high salt and sugar contents. Use of a universally agreed labelling Table 6 Mean energy and nutrient intakes for nonconsumers and across the tertiles of whole grain intake in Irish adults aMED alternative Mediterranean diet score, NS not significant (P ≥ 0.05) *P < 0.05, **P < 0.01, ***P < 0.001 a,b,c Values with unlike superscript letters denote significant differences across the tertiles of whole grain intake (adjusted for gender) (ANCOVA with Bonferroni correction)
Non-consumers (n = 94) [17] may encourage development of such foods while also highlighting to public health advocates and consumers options which are more healthful. Currently, there are no specific whole grain recommendations set in Ireland, or in the UK, making it is difficult to place in context current intake patterns and the impact of any strategies to increase whole grain intakes. In the absence of such national recommendations, dietary whole grain intakes were compared to the US recommendation of 48 g/day [25] , with only 19% of individuals in this Irish adult cohort each achieving this guideline. In additional analysis, we also used an alternative approach to assess mean population compliance [34] . Such an approach acknowledges the distribution of intake of any nutrient or ingredient in a population and accepts that dietary guidelines are targeted at populations, rather than individuals. Hence, it is not necessary for all individuals in a population to each achieve this goal, rather that mean population intakes should satisfy the recommendation [34] . However, using this approach, there remained poor population compliance with the whole grain recommendation, with less than half (47%) of the entire NANS study population having an overall mean intake of 48 g/day. Irrespective of method used, such low intakes, suggests a need for more specific whole grain recommendations which reflect the importance of having a diet high in whole grains for additional benefits above and beyond dietary fibre, as discussed by Seal and colleagues [15] . Observational studies consistently link high whole grain intakes and a reduced risk of CVD [4] , type 2 diabetes [5, 6] , metabolic syndrome [5] , and a number of different cancers [8] . It is likely that more specific whole grain recommendations would aid successful public health campaigns to improve whole grain intakes similar to that of Denmark [31] . In the US, a health claim pertaining to whole grain intakes is permitted based on the strength of the evidence to support the benefits of a diet high in whole grains; however, no such health claim is currently approved by EFSA [15] . It is likely that a more specific whole grain recommendation would make it easier to transfer the health message across to consumers due to clearer labelling regarding whole grains on food products. The results of this current study and from previous Irish cohorts in Irish children and teens highlight the need for a more specific whole grain recommendation and targeted public health campaigns similar to Denmark [17, 31] .
This study has some noteworthy strengths such as the large sample size which is representative of the Irish population. Furthermore, dietary data were collected using a 4-day semi-weighed food diary which accounts for potential intravariation in dietary habits within participants. Furthermore, where possible, food packaging was obtained to ensure a higher level of accuracy regarding the dietary data and the ability to ascertain whole grain composition at a brand level where feasible. The current analysis was conducted following the removal of under-reporters which ensures the absence of mis-reporting in the data set. A limitation of the current study is the lack of a biomarker for whole grain intake to validate the dietary data collected. Alkylresorcinols have been identified as valid biomarkers of whole grain wheat and rye intake, and may be useful for future studies investigating whole grain intake [35] .
In conclusion, this study is the first to report whole grain intakes in Irish adults using data from the national food survey, NANS. We reported low whole grain intakes in Irish adults similar to Irish children and teens and other countries such as the UK and France. We also show how the selection of whole grain containing RTEC, breads and pastas/ rice has the potential to enhance daily intakes. These findings support the argument for the development of a more specific whole grain recommendation in Ireland and universally agreed labelling in light of the proposed health benefits for a diet high in whole grains. Public health campaigns are warranted to try and improve whole grain intakes in the Irish population across all age groups. Future work should also investigate the proposed metabolic health benefits of consuming a diet high in whole grains in this population. Table 7 Associations (unstandarised coefficients) of whole grain intake (g/10 MJ/day) to predict the importance of whole grain food groups to increase whole grain intakes
The unstandardised coefficient for whole grain ready-to-eat breakfast cereals (RTEBC) is 0.549 meaning that for each 1 g increase, there would be an increase in whole grain consumption of 0.549. Therefore, if an individual was to add 10 g of a RTEBC to the daily diet, the potential impact would be an increase of 5. 
